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A system and method for controlling the speed of a progressing cavity liguid well pump to increase liguid production from a well
while avoiding operation of the well in a pumped-off state. A controller controls a variable speed drive to drive a progressing cavity
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(57) Abrege(suite)/Abstract(continued):

iqguid well pump at a set pump speed while measuring well and system parameters indicative of pumping performance and/or liqul
production from the well. The set speed of the pump Is changed In steps either increasingly or decreasingly by the controller, actir
through the variable speed drive, In response to the measured well and system parameters. The controller, responsive to th
measured well and system parameters, challenges the set pump speed by varying the set pump speed so as to increase tr
production from the well while avoiding pump and well operation in a pumped-off state.
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ABSTRACT

A system and method for controlling the speed of a progressing cavity liquid well pump
to increase liquid production from é well while avoiding operation of the well in a pumped-off
state. A controller controls a vanable speed dnive to drive a progressing cavity liquid well pump
at a set pump speed while measuring well and system parametérs indicative of pumping
performance and/or liquid production from the well. The set speed of the pump is changed in
steps either increasingly or decreasingly by the controller, acting through the variable speéd
drive, in response to the measured well and system parameters. The controllef, responsive to the
measured well and system parameters, challenges the set pump speed by varying the set pump
speed so as to increase the production from the well while avoiding pump and well operation in a

pumped-off state.
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SYSTEM AND METHOD FOR CONTROLLING A
PROGRESSING CAVITY WELL PUMP

BACKGROUND OF THE INVENTION

1. Field of the Invention

This mvention relates generally to controlling the pumping rate of a pump of a petroleum

~well.  Specifically, one or more implementations of the invention relate to controlling the

pumping rate of a progressing cavity pump in order to increase liquid production from a

petroleum well while avoiding operation of the well in a pumped-off state.

2. Description of the Prior Art

Prior art pumping systems for recovering petroleum from underground formations have
generally had pumping capacities. in excess of the productivity rate of the petroleum formation.
This results 1n a well state in which the well may be pumped dry, 1.e., the well production is

pumped off, thereby potentially causing damage to the pumping system.

It 1s well known in the art to provide control systems, such as those disclosed in U.S.

~ Patent Nos. 4,973,226, 5,064,348; and 5,167,490, to avoid a pumped-off state in a petroleum

well in which oil is pumped from the well through the use of a downhole quuid pump actuated
by a rod and reciprocated from the well surface by a prime mover. In addition to these
reciprocating sucker rod type of pumps, progressing cavity pumps (PCP) are also presently in
use in which a rotor is rotated inside a stator for pumping liquids. Prdgressing cavity pumps are

advantageous, because the imtial cost of the installation is low as compared to reciprocating

pumps. However, the progressing cavity pump may also cause a pumped-off state resulting in

-1-
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potential damage to the pump. Such pump damage is expensive to repair, because the

progressing cavity pump must be removed from the petroleum well.
U.S. Patent No. 5,782,608 describes a method and apparatus for controlling the speed of
a progressing cavity liquid well pufnp by driving the pump with a variable speed drive while
5  measuring the amount of liquid production from the pump. One or more df the implementations

described herein are improvements upon the method and apparatus disclosed in U.S. Patent No.

9,782,608, which may be referred to for further details.

The 1nvention seeks to accomplish one or more of the following:

10 Provide a system and method of controlling the pumping rate of a progressing cavity

pump m order to increase liquid production from a petrolenm well while avoiding operation of

the well in a pumped-off state;
Provide a system and method of controlling the pumping rate of a progressing cavity
pump by varying the speed of the pump, either upwardly or downwardly, by a vériable speed
15  dnive while measuring the hiquid production rate 1n order to increase liquid- prodﬁction from a
petroleum i&ell while avoiding operation of the well in a pumped-off state;
Provide a system and method of controlling the pumping rate of a progressing cavity

pump by varying the speed of the pump, either upwardly or doanardly, by a varnable speed

drive while measuring the pump efficiency in order to increase liquid production from a

20 petroleum well while avoiding operation of the well in a pumped-off state;
Provide a system and method of routinely challenging the cwrrent pumping rate of a

progressing cavity pump by varying the speed of the pump, either upwardly or downwardly, by a



CA 02639450 2011-06-23

variable speed drive in order to increase liquid production from the well while avoiding
operation of the well 1n a pump-off state; and
Provide a system and method of controlling the pumping rate of a progressing cavity

pump by varying the speed of the pump in order to remove sand along with the liquid

S5  production;

Other aspects, features, and advantages of the invention will be apparent to one

skilled in the art from the following specification and drawings.

SUMMARY OF THE INVENTION

The aspects 1dentified above, along with other features and advantages of the invention
1o are incorporated in a system and method for controlling the pump speed of a progressing cavity
pump 1n order to increase liquid production from a well while avoidiné operation of the well in
- a pump-off state. A controller is used to cdntrol a variable speed drive which drives a progressing
cavity pump at a set pump speed for producing liquid production from the well. A flow
measurement device, such as a flow meter, is used to r_neasuré the currént flow rate of liquid

15  production from the well.

The controller determines the difference between the current flow rate and a previous

flow rate and further uses the determined difference to control the set speed of the pump. The

controller increases the set pump speed by a step change when the difference indicates an
increase in the current flow rate and decreases the set pump speed by a step change when %he
20  difference indicates a decrease in the current flow rate. Further, the controller increases the set
pump speéd by a step change when the difference indicates no change in current flow rate and
the set pump speed was préviously decreased and decreases the set pump speed by a step change

when the difference indicates no change in current flow rate and the set pump speed was

previously increased.
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In an alternative implementation, a rod speed measurement device 1s also used to measure
the current rod speed of the rotatable rod of the pump. The controller .calculates the current
pump efficiency as a function of the current rod speed and the current flow rate. The C(;ntroller
determines the difference between the current pump efficiency and a previous pump efficiency

5  and further uses the determined difference to control the set speed of the pump as disclosed.

Additionally, the controller monitors several measured and caléulated systém pafameters,
such as rod speed difference, critical torque, torque limiting, low pump_' efﬁgiency, high
production, low production, low rod speed (i.e., low rpm), and no rod speed (i.e., no rpm), in
order to detect 1if the system péranieters are outside of their normal bounds. The controller

- 10  indicates when the system parameters are outside of their normal bounds by setting an alarm or
sending an alert. In an alternative implementation designed for sandy wells, the controiler is
responsive to the rod torque of the rotatable rod for controlling the set pump épeed to remove
sand along with the liquid production.

' BRIEF DESCRIPTION OF THE DRAWINGS ' |

15 By way of 1illustration and not limitation, the invention 1s described in detéii hereinafter
on the basis of the accompanying figures, in which:

Figure 1 1s a fragmentary elevational view, partly in cross section,' iliustrating a
conventional progressing cavity bottom hole well pump; \
Figure 2 1s a graph of the tlow rate of production from the pump of Figure 2 versus the

20 speed of operation of the pump illusn'ating the theory of the present invention; &

Figure 3 1s a general cbnﬁguration of a control system for controlling a progressing‘
cavity pump;
Figure 4A 1s a logic flow diagram of one implementation of a control system used in the

present invention;
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Figure 4B 1is a logic flow diagram of a module shown m Figure 4A used to calculate a

speed increase;

Figure 4C 1s a logic flow diagram of a module shown in Figure 4A used to calculate 'a

speed decrease;

5 Figure 4D 1s a logic flow diagram of a module shown 1 Figure 4A used to calculate

alternating speed increases and decreases;

M Figures 5A and 5B show a logic flow diagram of an alternative implementation of a

control system used n the present invention;

Figure 6 1s a logic flow diagram of a module shown in Figure 5A used to produce sand

10_ along with liquid production;

Figure 7 is a logic flow diagram of a module shown in Figure 5A used to detect a

parameter violation; and

Figures 8A and 8B show a logic flow diagram of a module shown in Figure 5B used to

take action upon a detected parameter violation.

15 '~ DESCRIPTION OF THE PREFERRED EMBODIMENTS
OF THE INVENTION

A preferred embodiment of the invention alleviates one or more of the deficiencies
described in the prior art and incorporates at least one of the objects previously identified.
Referring now to the drawings, Figure [ illustrates a prior art arrangement of a conventional

20 progressing cavity pump generally shown as reference numeral 10. The conventional pump

installation includes a well casing 12, well tubing 14, a tag bar 16 for admitting well liquids from
a well production zone 18 into the casing 12. The pump 10 includes a stator 20 connected to the

tubing 14 and a rotor 22 connected to a rotatable rod 24. When the rotor 22 is rotated inside the

stator 20, cavities in the rotor 22 move axially and a continuous seal between the cavities keeps

_5.
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the well fluid moving upwardly into the tubing 14 at a flow lﬁte which 1s dire;ctly propoittional to
the rotational speed of the pump 20. The rotor 22 is driven from the surfade through a drive
assembly 26 driven by a prime mover 28, such as a gas or electric motc;r or other driving
mechanism. Fluid from the well flows out of the flow line outlet 30. Generally, oversized well
pumps 10 are installed in order to obtain maximum production. However, pump-off can occur
when the pump 10 removes the liquid petroleum faster than the liquid petroleum . bools_ ﬁbm the
formation 18 in the well 80. Continued operation of the pumﬁing syStem when 'the., Well' 80isina
pumped—off state may cause expensive damage to pump 10. .

Referring now to Figure 2, a prior art graph of the flow rate or prodﬁCtion pumped by
pump 10 (Figure 1) versus the speed of the pump 10 (Figure 1), is generally inciicated by th'e‘:.
reference numeral 32. Graph 32 of Figure 2, shows that as the speed of the pump 10 (Figure 1)
1S ihcreased \from zero, the ﬂowfate increases along a linear portion 34 of the‘ graph 32 until it
reaches a "knee" 36. After the knee 36, the graph 32 includes a substantially ﬂat portion 38

where an increase in speed does not yield any further increase in well production. That is, when

‘the pump 10 is operating along the line 38, the well 80 may be pumped dry and the pump 10 may

be operating in a pumped-off state, resulting in expensive pump dariiagé. The pump 10 may also

be operated at point A on the graph 32, but such an operation does not produce the maximum

amount of production from the well 80. Preferably, the pump operation should be on the linear

portién 34 of th-e graph 32 near the knee 36, such as at point B. However, _pump operation
should not occur at point C or along line 38, because the well 80 may be pﬁmped off with
coﬁtinued operation at the indicated flow rate and speed of the pump 10.

Referring now to Figure 3, a system for controlling a progre'ssing'l cavity pump 10

according to the invention is generally indicated by the reference numeral 40. A progressing
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cavity pump controller 50, having a computer processing unit, provides a speed control signal

through line 54 to a variable speed drive 46 for controlling the speed of the progressing cavity

pump 10. The controller 50 is preferably a progressing cavity pump controller, such as one
manufactured by Lufkin Automation of Houston, Texas. The variablé speed drive 46 provides a
vanable frequency drive to the motor 28, such as an induction motor, of the pro gressihg cavity
pmhp 10 for varying the speed of rotation of the rods 24 (Figm'e 1). However, other types of
contro] systems and prime movers/motors 28 may be utilized to vary the speed of the rotatable
string rod 24. For example, an internél combustion engine (not illustrated) mm which the speed is
controlled by adjustiﬁg its throttle or by adjusting the speed ratio of a gear box could be
employed to vary the rod speed. Alternativcly; the Qonn'oller 50 may send a signai to a
prOportional control valve (not illustrated) on a hydraulic pump application to adjust its pumping
caf)acity. .

I Preferably, the controller 50 and the vanable speed drive 46 are in constant
communication with éach other through a data interface 66 in order to share syétem infomiation,l

such as drive status, motor torque, rod torque, etc. If a torque measurement is not available from

“the variable speed drive 46, then the torque measurement is monitored and received by controller

50 via an analog input from the drive 46 or from any external torque measurement device 70.

~ The controller 50 also preferably has a communication means, such as an antenna 68, data port

for keyboard and display interface (not illustrated), or Internet connection (not illustrated), to

communicate controller status, historical data, and system/controller configuration to a local or

remote operator.

A tlow meter 56, such as a turbine flow meter, is disposed in the flow outlet line 30 from

the progressing cavity pump 10 in order to measure the flow rate and amount of liquid produced
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by the pump 10. The flow meter 56 transmits its measurement signal rei)resentative ‘Qf liqud
production flow rate through lines 58 and 64 to the controller 50. A rod striné rpm sensor 60 1S
also provided to measure the speed of the rotating rod 24. The rpm sensor 60 is preferably a
hall-effect sensor, however, a theoretical calculation of rod speed may be derived from the
readings of other external devices. The rpm sensor 60 transrhits ifs measurement signal
representative of rod speed through lines 62 and 64 to the controller 50.

The controller 50 increases of decreases thé speed of the primer mox}er/motdr 28, and
thus the. spéed of the pump 10, in varying amounts ﬁsi’ng the vaﬁablé.speed drive deviéé 46. Thc
controller 50 also receives measurement signals via sighal wires 64 from the flow metej' 56
representative of the liquid production and/or from the speed sensor 60 represéntative of the
rotation speed of the rotatable rod 24. As previously stated, an objective of varying the speed of
pump 10 in response to flow rate and rod speed measurements is to increase liquid production
from a petroleum well 80 while avoiding operation of the well 80 in a pumped.-‘oﬁ' state. In other
words, an object of the invention to provide improved control of pump 10 so as to operate and
maintain a linear relationship betwegn the hiquid production rate and the pump speed .(i-.e.; to
operate and maintain the progressing cavity pump 10 on the linear portion 34 of the graph 32 as

shown in Figure 2). Preferably, the pump speed is varied to operate the pump 10 adjacent to the

knee 36 of Figure 2, such as at or near point B, thereby providing optimum well production and

avoiding a pumped-off state, which can occur at higher pump speed (i.e., along Iihe 38 of the
graph 32). .

The controller 50 has a programmable settling period that allows the pumping system to
reach a steady state or settle ﬁom a previous change in pump speed. After the séttling périod, the

controller 50 commences the averaging of received measurements over a programmable

_8-
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- sampling period. As discussed above, the controller 50 preferably receives a pump flow rate

measurement from flow meter 56 via line 58 and 64 and a speed measurement from rpm speed
sensor .60 via line 62 and 64. Other physical characteristics of the system, such as pressure,
temperature, and rod torque, may be directly measured and received by the controller SO for
averaging over the sampling period or for other monitoring purposes. \The .control'ler 50 is
preferably arrahged and designed to use the raw meaéurements received to calculate additional
characterisﬁas of system performance. For example, in one iﬁplementation, the controller 50-

calculates 1n real time the pump efficiency as the ratio of actual fluid displacement versus the

 theoretical fluid displacement. The actual fluid displacement is a calculated quantity comprising

measured flow rate and measured pump speed. The theoretical fluid displacement is either
éalculated based upon the pump specifications or obtained from the bump manufacturer. In this
way, the controller 50 can calculate an average pufnp efficiency over the sampling period based
upon direct or indirect measurement of production flow rate and pump speed. Préferably, the
controller 50 can receive and average at least one of the following measurements over the
sampling period: the amount of production (i.e., flow), the rate of production (i.e., flow rate),
and/or the pump efficiency (1.e., a calculated quantity of measured flow rate and pump speed).

~ Using the averaged measurements and calculated quantities thereof, the controller 50

- directs a change in the motor speed of pump 10 to increase liquid production from the well 80

while avoiding an operation of the pump 10 and well 80 that will lead to a pumped-off well state.
Figure 4A generally illustrates one control strategy that the controller 50 may use to increase

liquad well production and avoid well operation in a pumped-off state. At the start, the controller

50 controls a set pump speed for the pump 10 to produce liquid production from the well 80.
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The pump 10 1s operated and controlled at the set pump sp'eed during aﬁd fo.r a prograxnmed
settling peﬁod in order to allow the system 40 to achieve a steady state operatioh.

After the settling period has expired, the controller 50 receives and averages a measured
system charaqteristic or parameter, such as flow rate measured by flow meter 56, rod speed as
measured by rpm speed sensor 60; and/or rod torque as measured by the drive 46 or the rod
torque sensor 70. The measurements received by the controller 50 are ai/efaged over the
sampling period to filter out any short term variations or outlier readings. The Cont;ollér 50 may
also use any received measurements to ~calculate the quéntities or values of additional
characteristics representative of the physical state'of the pump 10 and well-SO. Solely as an
example, and not to limit the scope of possible derivative calculations or system characteristics,
the measured flow rate and measured rod speed may be used to calculate a pump efficiency,
which i1s itself representative of the current state of the pump 10 and well 80. The controller 50

then determines the differential value between the averaged measurement or calculated

characteristic or parameter over the sampling period and the corresponding measurement or

calculated characteristic from the previous sampling period. If no previous sampling period

measurement or calculated characteristic or parameter is available, then the controller 50 uses a

predetermined value for the previous measurement or characteristic or parameter.

If the differential value indicates an increase in production pumped from the well 80, then
the controller 50 follows the general control strategy as illustrated in Figure 4B. The controller
50 sends a signal to the varable speed drive 46 or other pump drive mechanisﬁ to increase the
set speed of the pump 10 by a step. change. The size of the step change is determined by the
controller 50 and 1s generally proportional to the differential value. If the size of the step change

determined by the controller 50 is not greater than a minimum step change, then the controller 50

-10-
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sets the step change increase to be at least the minimum step change. Further, if the step change .
determined by the controller 50 causes the pump speed to exceed a maximum working speed,
then the controller 50 sets the pump speed to be the maximum working speed. Thus, the set
pump speed becomes the previous set pump speed plus any controller-determined step change. ‘
If the differential value indicates a decrease in tﬁe production pumped from the well 80,
then the controller 50 follows the general control strate.gy.as illustrated 1n Figure 4C. As long as
the number of consecutive pump speed decreasés has not been éxceeded, the conﬁoller 50 sends .

a signal to the variable speed drive 46 or other pump dnve mechanism to decrease the set speed

~ of the pump 10 by a step change. The size of the step .change is determined by the controller 50

and 1s generally proportional to the differential value. If fhe size of the stép change deterfnined
by the controller 50 1s not greater than a mimmum step change, theh the controller 50 sets the
step change decrease to be at least the mmimum stcp change. Further, if the .step change causes
the pump speed to be less than a mimimum working speed, then the pump speed is set to the
minimum working speed. When the number of consecutive pump speed decreases has been

exceeded, the controller 50 challenges the desired decrease by increasing the pump speed by a

‘minimum step change. The counter tracking the number of consecutive decreases in pump speed

1s also reset to zero. Thus, the set pump speed becomes the previous set pump speed plus any

controller-determined step change. In this way, the controller 50 varies the pump speed so as to

increase the production from the well 80.

If the differential value indicates no change in production pumped from the well 80, then

the controller 50 follows the general control strategy as illustrated in Figure 4D. If the controller
50 decreased the pump speed after the previous sampling period, then the controller 50 sends a

signal to the vanable speed drive 46 or other pump drive mechanism to increase the set speed of

-11-



CA 02639450 2011-06-23

the pump 10 by a minimum step change. If the controller 50 increased the pump speed after the
previous sampling period, then the confroller 30 sends a signal to the variable.speed drive 46 Or
other pump drive mechanism to decrease the set speed of the pump 10 by a minimum step
change. Further, if the minimum step change causes the pump speed to exceed a maximum

5 working or to be less than a minimum working speed, then the pump speed is set to either the
maximum or minimum working speed, respectively. Thus, the set pump speed becomes the
previous set pump speed plus any controller-determined step change. In this Way; the controller
S0 challenges the set pump speed by va:ying the pump speed so as to increase the i)roduction
from the- well 80 while avoiding pump 10 and well 80 operation in a pumped-dff state.

10 After the speed of the pump 10 is set by the controller 50 in respouse to the differential

value, the set pump speed with 1ts step change, is saved as the previous set pump speed for future

use by the controller 50 and the averaged system charactenistic 1s also saved as the averaged

system charactenistic from the previous sampling period. The steps of alloﬁing the system to
‘settle at the set pump speed, measuring and averaging system charactéristics, detennjning a
15  difference 1n the averaged system gharacteristics between the current and previous sampling
period, and"adjusting- the set pump speed in respénse to the determined difference are then
repeated to increase liquid production from the well 80 and avoid operation of the well pump 10
1n a pumped-off state. -
Figure 5A illustrates an alternative implementation of the control strategy of Figure 4A
20 that optionally includes additional features, such as a sand blow out module (Figure 6) and
parameter violation modules (Figures 7, 8A and 8B). The general control strategies, as illustrated
in Figures 4B, 4C, and 4D, for increasing well production while avoiding a pumped-off well state

also apply to the alternative implementation of the control stategy of Figures 5A and 5B.

-12-.
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Therefore, only the additional features of the altermative implementation will be discussed

hereinafter.

As best tllustrated in Figuré__6, the sand blow out module is an operator selectable (i.e.,

enabled/disabled) control strategy that 1s utilized at the start up of the pump 10 and controlier 50
5 1in order to remove sand along with the liquid production. The sand blow ocut feature 1s especially
helpful in wells with a history of being sandy. In such wells, the sand causes an increase in the
torque required to drive the pump. The sand blow out control strategy removes the sand by
initially slowing down the speed of the pump 10 to build up enough fluid in the well bore 80.
The speed of the pump 10 1s then quickly lincreased to remove the ﬂuid and the sand out of the

10 pump 10 as production. If the sand blow out feature is enabled, the controlier 50 monitors the
rod torque at the start-up of the pump 10. If the rod torque is greater than thé sand blow out
torque threshold, then the sand blow out control strategy will be mmplemented as described
above. While the sand blow out feature 1s disclosed and 1llustrated as being employed primarily
at pump start up, it may be similarly utilized at any time during operation of the pump 10.

15 While the controller 50 seeks to operate the pump 10 at a speed to optimize liquid
production .from the well 80, the controller 50 of an alternative implementaﬁon of the control
strategy also includes an extensive violation detection module and violation action module for
monitoring system characteristic or parameters received and processed by the Controller 50. The
violation detection and violation action modules serve to challenge the current operating speed of

20  the pump in order to prevent the possibility of erroneous or misleading input measurement data.

The parameter violation detection module is illustrated in Figure 7. During the settling and

sampling periods, the controller 50 monitors several system measurements, characteristics, or

parameters to determune 1f any are outside of their normal bounds. For example, the controller

-13-
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monitors speed differences between the rod speed represented by the measurement signa] from
speed sensor 60 and the set pump speed as a feedback control loop to determine any speed
inconsisteneies indicative of belt slippage. In addition to monitoring rod speed for potential belt
slippage, the controller 50 also monitors other system violations and/or malfunctions, such as

critical torque, torque limiting, low pump efficiency, high production, low production, low rod

speed (1.e., low rpm), and no rod speed (1.¢., no rpm).

As shown in Figure 7, if a monitored parameter is detected to be outside of its normal

bounde or range of values (i.e., the controller detects a parameter vi.olation), then the controller
50 repoﬁs the parameter violation and prefefably begine the violation action _procedu_re. -The
violatioh action steps are illustrated in Figures .8‘-A and 8B and are described as foilows. 'If a speed
difference violation 1s detected, the controller 50 sets an alarm or sends an alert to notify the
operator of the speed differencet The controller 50 then returns to monitor parameters during
either the settling or sampling periods as shown. If no Speed difference vielation 1s detected,
then the controller 50 determines if a critical torque violation is detected. If yes, then the
controller 50 sets the pump speed to a minimum working speed and sets at1 alantl Ot sends an
alert to notify the operator of the critical torque violation. If no critical torque violation is

detected, then the controller determines if either a torque limiting or low pump efficiency

violation 1s detected. If yes, then the pump speed is decreased by successive step changes until
either the torque limiting or low pump efficiency violation is no longer detected 'or the pump
speed 1s set to the minimum working speed. .If Iio torque limiting or low t)ump efficiency
violation is detected, then the controller 50 determines if a high or low production violation is

detected. If yes, then the controller 50 sets the pump speed to a minimum working speed and

sets an alarm or sends an alert to notify the operator of the high or low production violation. If

_14-
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no high or low production violation 1s detected, then the controller 50 determines if a no or low
rpm violation is detected. If yes, then the controller 50 sets the pump speed to a minimum

working speed and sets an alarm or sends an alert to notify the operator of the no or low rpm

violation. If a no or low rpm violation is not detected, then the controller 50 determines whether
the allowed downtime has been exceeded, as described below. If any of the aforementioned

violations are detected and the controller 50 responds by setting the pump speed to a minimum

working speed, the controller 50, as programmed, then determines whether to continue operation

of the pump at the minimum working speed or to shut down the pump. If selected, the shutdown

| procédure includes a power off delay as shown in Figure 8B, which is similar to the power off

delay modules 1llustrated in Figures 4A and 5A.

As shown in Figure 8B, the controller 50 continues to monitor the downtime of the pump

(1.e., the time the pump 1s not operating normally). If the allowed downtime is exceeded, then
the controller 50 follows the steps shown in the malfunction module of F'igure 5D. In the
malfunction module, the controller 50, as programmed, detemin_és whethér to Opéfate the pump
at the minimum working speed or to shut down the pump until an operator resets the malfunction
and restarts the controller 50. The controllef 50 then restarts or returns to the beginning of its
control strategy. 1f, however, the allowed downtime is not exceeded, then the controller 5_0
| follows the steps shown in the downtime module of Figure 8B. In the downtime médule, the
controller 50, as programmed, determines whether to operate the pump at the minimum working
speed or to shut down the pump until the downtime of the pump has been exceeded. Once the

downtime has been exceeded, the controlier 50 restarts or returns to the beginning of its control

strategy.

-15-
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While the violation detection and action modules are tllustrated as an integrated part of
the alternative contro! strategy of Figures 5A and 5B, e.g., for implementation during the settling
and samping periods, the violation detection and action modules as illustrated in Figures 7, 8A
and 8B may be implemented to monitor parameters at any and all times during operation of the
controller 50 and/or pump 10. Furthermore, the sand blow out module and the violation detection

and action modules may be used independently of or in combination with each other.

The Abstract of the disclosure is written solely for providing the United States Patent and
Trademark Office and the public at large with a means by which to determine quickly from a
cursory inspection the nature and gist of the technical disclosure, and it represents solely a
preferred embodiment and is not indicative of the nature of the invention as a whole.

While some embodiments of the invention have been 1llustrated in detail, the invention 1S
not limited to the embodiments shown; modifications and adaptations of the above embodiment

may occur to those skilied in the art.

. -16-
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What is claimed is:

1. A method of controlling pump speed of a progressing cavity pump (10) to increase liquid

production from a well (80) while avoiding operation of the well (80) in a pumped-off state, said

method comprising the steps of:

controlling a variable speed drive (46) with a controller (50) to drive said progressing
cavity pump (10) at a set pump speed for producing liquid production from said well (80);

measuring a current flow rate of liquid production from the well (80) using a flow
measurement device (56) arranged and designed to generate a current flow rate signal
representative of current flow rate of liquid production from the well (80) and to transmit said
current flow rate signal to said controller (50);

receiving said current flow rate signai in said controller (50);

determining a differential flow rate signal with said controller (50), said differential flow
rate signal representative of the difference between said current flow rate signal representative
of current flow rate and a previous flow rate signal representative of previous flow rate of liquid

production from the well (80);

controlling said variable speed drive (46) with said controller (50) to adjust the set pump
speed of the progressing cavity pump (10) in response to the differential flow rate signal,
increasing said set pump speed by a step change when the differential flow rate signal indicates
an increase in the current flow rate, decreasing said set pump speed by a step change when the
differential flow rate signal indicates a decrease in the current flow rate, increasing said set pump

speed by a step change when the differential flow rate signal indicates no change in current flow
rate and said set pump speed was previously decreased, and decreasing said set pump speed by
a step change when the differential flow rate signal indicates no change in current flow rate and

said set pump speed was previously increased.

2. The method of claim 1 further comprising the step of:

operating the progressing cavity pump (10) at said set pump speed for a settling period.

17
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3. The method of claim 1 further comprising the step of:

repeating the steps of claim 1 to increase liquid production from the well (80) while

avoiding operation of the well (80) in a pumped-off state.

4. The method of claim 3 further comprising the step of:

operating the progressing cavity pump (10) at said set pump speed for a settling period.

5. The method of claim 1 further comprising the steps of:

measuring rod torque of said pump (10) using a rod torque measurement device (70)
arranged and designed to generate a current rod torque signal representative of torque of a
rotatable rod (24) of said pump (10), said rod torque measurement device (70) coupled to and
transmitting said current rod torque signal to said controller (50), said controller (50) arranged
and designed to receive said transmitted current rod torque signal; and

operating said controller (50) to determine if said current rod torque signal exceeds a sand
blow out rod torque threshold signal, said sand blow out rod torque threshold signal being
indicative of sand in the liquid production, whereby if said current rod torque signal exceeds said
sand blow out rod torque threshold signal, said controller (50) decreases the speed of the pump
(10) from said set pump speed to allow liquid to accumulate in the well (80), increases the speed
of the pump (10) to produce both the sand and the liquid, and resets the speed of the pump (10)

to the set pump speed.

6. The method of claim 1 further comprising the step of:
operating said controller (50) to monitor said current flow rate signal, to detect if said
current flow rate signal is outside of its normal bounds, and to indicate when said current flow

rate signal is outside of its normal bounds.

7. T'he method of claim 1 further comprising the steps of:
measuring rod torque of said pump (10) using a rod torque measurement device (70)

arranged and designed to generate a current rod torque signal representative of torque of a

13
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rotatable rod (24) of said pump (10), said rod torque measurement device (70) coupled to and
transmitting said current rod torque signal to said controller (50), said controller (50) arranged

and designed to receive said transmitted current rod torque signal; and
operating said controller (50) to monitor said current rod torque signal, to detect 1f said

current rod torque signal is outside of its normal bounds, and to indicate when said rod torque

signal 1s outside of its normal bounds.

8. A method of controlling pump speed of a progressing cavity pump (10) to increase liquid
production from a well (80) while avoiding operation of the well (80) in a pumped-off state, said
method comprising the steps of:

using a controller (50) to control a variable speed drive (46) to drive said progressing
cavity pump (10) at a set pump speed for producing liquid production from the well (80);

measuring a current flow rate of liquid production from the well (80) using a flow
measurement device (56) arranged and designed to generate a current flow rate signal
representative of current flow rate of liquid production from the well (80) and to transmit said
current flow rate signal to said controller (50);

measuring a current rod speed of a rotatable rod (24) of said pump (10) using a rod speed
measurement device (60) arranged and designed to generate a current rod speed signal
representative of current rod speed of said rotatable rod (24) of said pump (10) and to transmit
said current rod speed signal to said controller (50);

recelving said current flow rate and current rod speed signals in said controller (50);

using said controller (50) to generate a current pump efficiency signal as a function of
said current rod speed signal and said current flow rate signal, said current pump efficiency signal
representative of current pump efficiency;

determining a differential pump efficiency signal using said controller (50), said
differential pump efficiency signal representative of the difference between said current pump
efficiency signal and a previous pump efficiency signal; and

using said controller (50) to control the variable speed drive (46) to adjust the set pump

speed of the progressing cavity pump (10) in response to the differential pump efficiency signal,
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whereby said set pump speed is increased by a step change when the differential pump efficiency
signal indicates an increase in pump efficiency, said set pump speed 1s decreased by a step
change when the differential pump efficiency signal indicates a decrease 1n pump efficiency, said
set pump speed is increased by a step change when the differential pump efficiency signal
indicates no change in pump efficiency and said set pump speed was previously decreased, and
said set pump speed is decreased by a step change when the differential pump efficiency signal

indicates no change in pump efficiency and said set pump speed was previously increased.

9. The method of claim & further comprising the step of:

operating the progressing cavity pump (10) at said set pump speed for a settling period.

10.  The method of claim 8 further comprising the step of:
repeating the steps of claim 8 to increase liquid production from the well (80) while

avoiding operation of the well (80) in a pumped-off state.

11.  The method of claim 10 further comprising the step of:

operating the progressing cavity pump (10) at said set pump speed for a settling period.

12.  The method of claim & further comprising the steps of:

measuring rod torque of said pump (10) using a rod torque measurement device (70)
arranged and designed to generate a current rod torque signal representative of torque of a
rotatable rod (24) of said pump (10), said rod torque measurement device (70) coupled to and
transmitting said current rod torque signal to said controller (50), said controller (50) arranged
and designed to receive said transmitted current rod torque signal; and

using said controller (50) to determine if said current rod torque signal exceeds a sand
blow out rod torque threshold signal, said sand blow out rod torque threshold signal being

indicative of sand in the liquid production, whereby if said current rod torque signal exceeds said

sand blow out rod torque threshold signal, said controller (50) decreases the speed of the pump

20)
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(10) from said set pump speed to allow liquid to accumulate in the well (80), increases the speed
of the pump (10) to produce both the sand and the liquid, and resets the speed of the pump (10}

to the set pump speed.

13.  The method of claim 8 further comprising the step of:
operating said controller (50) to monitor said current rod speed signal, to detect if said
current rod speed signal is outside of its normal bounds, and to indicate when said current rod

speed signal is outside of its normal bounds.

14. A well pumping arrangement (40) for controlling pump speed of a progressing cavity
pump (10), said arrangement comprising:

a variable speed drive (46) coupled to and driving the progressing cavity pump (10) at
a set pump speed to produce liquid production from a well (80);

a flow measurement device (56) coupled to an outlet 30 of said pump 10 and arranged
and designed to generate a current flow rate signal representative of current flow rate of liquid
production from the well (80) and to transmit said current flow rate signal; and

a controller (50) coupled to said flow measurement device (56) and receiving said current
flow rate signal transmitted by said flow measurement device (56), said controller (50) coupled
to and controlling the variable speed drive (46) for driving the progressing cavity pump (10) at
said set pump speed, said controller (50) arranged and designed to determine a differential flow
rate signal representative of the difference between said current flow rate signal representative

of current flow rate and a previous flow rate signal representative of previous flow rate of liquid

production from the well (80);

said controller (50) controlling the variable speed drive (46) to adjust the set pump speed
of the progressing cavity pump (10) in response to the differential flow rate signal, whereby said
set pump speed is increased by a step change when the differential flow rate signal indicates an

increase in the current flow rate, said set pump speed is decreased by a step change when the

differential flow rate signal indicates a decrease in the current flow rate, said set pump speed is
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~,

increased by a step change when the differential flow rate signal indicates no change in current
flow rate and said set pump speed was previously decreased, and said set pump speed is

decreased by a step change when the differential flow rate signal indicates no change in current

flow rate and said set pump speed was previously increased.

15.  The arrangement of claim 14 wherein, said controller (50) is arranged and designed to

delay determining said differential flow rate signal until a settling period expires.

16.  The arrangement of claim 14 wherein, the controller (50) determines and is responsive

to a differential flow rate signal after each step change in pump speed.

17. The arrangement of claim 16 wherein, the controller (50) is arranged and designed to

delay determining said differential flow rate signal until a settling period expires.

18. The arrangement of claim 14 further comprising, a rod torque measurement device (70)
arranged and designed to generate a current rod torque signal representative of rod torque of a
rotatable rod (24) of said pump (10), said rod torque measurement device (70) coupled to and
transmitting said current rod torque signal to said controller (50), said controller (50) arranged
and designed to receive said transmitted current rod torque signal and to determine if said current
rod torque signal exceeds a sand blow out rod torque threshold signal, said sand blow out rod
torque threshold signal being indicative of sand in the liquid production, whereby if said current
rod torque signal exceeds said sand blow out rod torque threshold signal, said controller (50)
decreases the speed of the pump (10) from said set pump speed to allow liquid to accumulate in
the well (80), increases the speed of the pump (10) to produce both the sand and the liquid, and

resets the speed of the pump (10) to the said set pump speed.
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19.  The arrangement of claim 14 further comprising, a rod speed measurement device (60)
arranged and designed to generate a current rod speed signal representative of current rod speed
of a rotatable rod (24) of said pump (10) and to transmit said current rod speed signal to said
controller (50), said controller (50) coupled to said rod speed measurement device (60) and
recelving said current rod speed signal;

said controller (50) arranged and designed to generate a current pump efficiency signal
as a function of said current rod speed signal and said current flow rate signal, said current pump
efficiency signal representative of current pump efficiency;

said controller (50) also arranged and designed to determine a differential pump efficiency
signal representative of the difference between said current pump efficiency signal and a previous
pump efficiency signal;

said controller (50) controlling the variable speed drive (46) to adjust the pump speed of
the progressing cavity pump (10) in response to the differential pump efficiency signal, whereby
said set pump speed is increased by a step change when the differential pump efficiency signal
indicates an increase in the current pump efficiency, said set pump speed is decreased by a step
change when the differential pump efficiency signal indicates a decrease in the current pump
efficiency, said set pump speed is increased by a step change when the differential pump
efficiency signal indicates no change in current pump efficiency and said set pump speed was
previously decreased, and said set pump speed is decreased by a step change when the
differential pump efficiency signal indicates no change in current pump efficiency and said set

pump speed was previously increased.

20. The arrangement of claim 14 wherein, said controller (50) monitors said current flow rate
signal, detects if said current flow rate signal is outside of its normal bounds, and indicates when

said current flow rate signal is outside of its normal bounds.
21. A method of controlling pump speed of a progressing cavity pump (10) to increase liquid

production from a well (80) while avoiding operation of the well (80) in a pumped-off state, said

method comprising the steps of:

23



CA 02639450 2011-06-23

using a controller (50) to control a variable speed drive (46) to drive said progressing
cavity pump (10) at a set pump speed for producing liquid production from said well (80);

measuring rod torque of said pump (10) using a rod torque measurement device (70)
arranged and designed to generate a current rod torque signal representative of torque of a
rotatable rod (24) of said pump (10), said rod torque measurement device (70) coupled to and
transmitting said current rod torque signal to said controller (50), said controller (50) arranged
and designed to receive said transmitted current rod torque signal;

using said controller (50) to determine if said current rod torque signal exceeds a sand
blow out rod torque threshold signal, said sand blow out rod torque threshold signal being
indicative of sand 1n the liquid production, whereby if said current rod torque signal exceeds said
sand blow out rod torque threshold signal, said controller (50) decreases the speed of the pump
(10) from said set pump speed to allow liquid to accumulate in the well (80), increases the speed
of the pump (10) to produce both the sand and the liquid, and resets the speed of the pump (10)
to the set pump speed;

operating the progressing cavity pump (10) at said set pump speed for a settling period;

measuring a current rate of liquid production from the well (80) using a flow
measurement device (56) arranged and designed to generate a current flow rate signal
representative of the current rate of liquid production from the well (80) and to transmit said
current flow rate signal to said controller (50);

determining a differential flow rate signal using said controller (50), said differential flow
rate signal representative of the difference between said current flow rate signal representative

of current rate of liquid production and a previous flow signal representative of previous rate of

liquid production from the well (80);

using the controller (50) to control the variable speed drive (46) to adjust the set pump
speed of the progressing cavity pump (10) in response to the differential flow rate signal,
whereby said set pump speed is increased by a step change when the differential flow rate signal

indicates an increase in the rate of liquid production, said set pump speed is decreased by a step

change when the differential flow rate signal indicates a decrease in the rate of liquid production,
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said set pump speed is increased by a step change when the differential flow rate signal indicates
no change in the rate of liquid production and said set pump speed was previously decreased, and

sald set pump speed 1s decreased by a step change

when the differential flow rate signal indicates no change in the rate of liquid production and said

set pump speed was previously increased; and
repeating the steps to increase liquid production from the well (80) while avoiding

operation of the well (80) in a pumped-off state.
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